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ABSTRACT 

Over  500  underwater  photographs  were  taken  in  the 
Monterey  and  Carmel  submarine  canyons  for  the  purpose  of 
studying  their  microrelief.   The  pictures  indicated  that  a 
variety  of  biological  and  physical  differences  exist  not  only 
within  each  canyon  but  also  between  the  two  nearby  canyons. 

In  Monterey  Canyon  are  to  be  found  fine  grain  sediments 
which  have  been  \/ery    actively  churned  by  benthic  organisms. 
Few  rock  outcrops  were  noted,  and  definitive  evidence  of 
current  activity  in  the  form  of  ripple  marks  was  observed  in 
only  one  region.   Carmel  Canyon  included  generally  coarser 
grain  material  than  Monterey  Canyon  and  showed  a  marked 
absence  of  active  burrowing.   A  large  number  of  rock  outcrops 
was  observed  and  there  appeared  to  be  extensive  current 
activity  throughout  most  of  the  canyon. 
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I.   INTRODUCTION 

A.  PURPOSE 

Small  scale  roughness  of  the  sea  floor  is  an  important 
consideration  when  discussing  the  reflectivity  processes  of 
sound  propagation.   Diminutive  features,  ranging  from  centi- 
meters to  tens  of  meters  in  size,  are  of  the  same  order  of 
magnitude  as  acoustic  wavelengths  (Akal  ,  1974).   These  small 
features:  ripples,  boulders,  mounds  and  rock  outcrops,  can 
not  be  detected  or  measured  by  standard  echo  sounding 
techniques.   The  best  present  day  means  available  to  measure 
small  scale  roughness  is  the  underwater  camera. 

The  purpose  of  this  study  is  to  investigate  the  ^ery 
small  bottom  relief  features  found  at  different  depths  in 
a  particular  topographic  feature,  submarine  canyons.   Of 
primary  interest  was  the  identification  and  mapping  of  current 
activity.   Over  500  bottom  photographs  at  pre-selected 
locations  in  the  Monterey  and  Carmel  Submarine  Canyons  off 
the  central  coast  of  California  were  taken  to  accomplish  this 
objective  (Fig.  1,  2  and  3). 

B.  MONTEREY  SUBMARINE  CANYON 

Monterey  Canyon  is  not  the  longest,  but  perhaps  possesses 
the  greatest  vertical  relief  of  any  known  submarine  canyon. 
The  head  of  the  canyon  is  near  Moss  Landing,  California,  and 
initially  cuts  through  unconsolidated  sediment.   Proceeding 
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from  its  head,  it  cuts  through  Pliocene  and  Miocene  sedimen- 
tary rocks  out  to  about  12.8  km  from  the  shore,  where  its 
walls  are  found  to  be  made  up  of  Cretaceous  granodiorite 
beneath  a  depth  of  about  640  m.   The  canyon  is  V-shaped,  with 
very  steep,  high  walls  containing  rock  outcrops. 

The  gradient  of  the  floor  in  the  upper  portion  is  on  the 
order  of  125  m/km,  decreasing  to  40  m/km  at  a  depth  of  91  m. 
The  gradient  remains  fairly  constant  to  a  depth  of  approxi- 
mately 1200  m  (Shepard  and  Dill,  1966).   Significant  relief 
(10-100  m)  in  the  shape  of  steep  peaks  and  deep  depressions 
is  common  throughout  the  length  of  the  canyon.   Beyond  about 
the  2,000  m  isobath,  the  canyon  yields  its  narrow  V-shaped 
walls  to  a  broader,  trough-like  bathymetry.   However,  steep 
walls  continue  to  exist  out  to  a  depth  of  about  2,900  m. 

C.    CARMEL  SUBMARINE  CANYON 

Carmel  Submarine  Canyon  is  possible  the  only  canyon  on 
the  west  coast  of  the  United  States  heading  into  a  bay  which 
might  be  a  drowned  river  valley  (Shepard  and  Dill,  1966, 
p.  88).   The  canyon  head  begins  offshore  from  the  San  Jose 
Creek,  and  its  precipitous  walls  are  Cretaceous  granodiorite, 
unlike  most  canyons  which  are  cut  in  sedimentary  rock.   The 
rim  of  the  canyon  is  defined  by  a  break  occurring  at  a  depth 
of  about  60  ft  (18.3  m)  and  the  canyon  floor  seaward  of  its 
head  is  about  275  ft  (75  m)  wide. 
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The  gradient  at  the  head  of  the  canyon  is  on  the  order 
of  300  m/km,  and  the  axial  slope,  continuous  in  a  seaward 
direction,  possesses  an  average  incline  of  73  m/km  (Shepard 
and  Dill,  1966).   Several  minor  tributaries  enter  the  canyon 
before  it  intersects  the  Monterey  Canyon  several  miles  out  to 
sea  (Fig.  1). 

D.    PREVIOUS  INVESTIGATIONS 

Underwater  photography  has  been  used  frequently  by 
oceanographers  to  investigate  many  regions  of  the  ocean. 
Despite  their  considerable  interest  and  the  significant  amount 
of  oceanographi c  work  which  has  been  conducted  in  Monterey  and 
Carmel  Canyons,  a  search  of  the  literature  failed  to  produce 
any  reference  to  previous  deep  underwater  photographic  surveys 
There  have  been  several  studies  which  employed  shallow  scuba 
dives  down  into  the  head  of  Carmel  Canyon.   A  thesis  written 
by  Wallin  (1966),  incorporated  underwater  pictures  taken  with 
a  handheld  Rollieflex  underwater  camera  at  a  depth  of  100  ft 
C30.5  m)  in  the  Carmel  Canyon. 

The  geology  of  these  canyons  has  been  described  by  Martin 
and  Emery  (1967)  and  the  geology  of  Monterey  Bay  is  presently 
bei ng ■ studi ed  by  Greene  (in  preparation). 
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II .   EQUIPMENT  AND  PROCEDURE 

A.    UNDERWATER  PHOTOGRAPHIC  SYSTEM 

The  EG&G  automatic  camera  system  model  CA-9  (deep  water 
unit)  and  associated  light  source  LS-9  is  a  self-contained 
instrument  package  capable  of  operating  to  a  depth  of 
37,000  ft  (11 ,000  m). 

The  camera  and  the  light  source  are  each  housed  in  a 
hardened  stainless  steel,  watertight  cylindrical  case  approxi- 
mately 6  inches  (15.24  cm)  in  diameter  and  25  inches  (63.5  cm) 
long  weighing  nearly  50  lb  (22.68  kg)  in  the  air 
[34  lb  (15.42  kg)  in  water]. 

The  camera  is  electrically  driven  and  can  take  up  to  500 
separate  exposures  on  a  standard  100  foot  (30.5  m)  roll  of 
35-mm  film.   While  a  picture  of  the  bottom  is  taken  through 
the  conical  plexiglass  window,  a  photograph  of  an  internal 
data  chamber. is  simultaneously  taken  at  the  other  end  of  the 
chassis.   This  data  chamber  exposure,  nine  frames  removed  from 
its  associated  subject  frame,  shows  a  clock  and  various  nota- 
tions on  a  data  card.   It  is  an  aid  in  identifying  photographs 
and  in  maintaining  records. 

The  Wollensak  f/11  lens  is  a  special  three-element  lens 
designed  to  correct  for  the  distortion  created  when  light 
passes  from  the  water  through  the  window  to  the  air  inside  the 
camera.   The  lens  has  a  fixed  focus  at  6  ft  (1.83  m)  in  water, 
providing  a  depth  of  field  of  3.5  to  20  ft  (1.07  to  6,1  m). 
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If  desired,  the  focal  length  can  be  adjusted  for  greater 
distances  or  close-ups.   A  shutter  was  fitted  to  the  camera 
to  permit  shallow  water  operations  where  ambient  light  might 
be  sufficient  to  cause  fogging  of  the  film. 

The  light  source,  a  100-wsec  electronic  flash  unit,  is 
synchronized  to  the  shutter.   The  light  output  has  essentially 
the  same  color  spectrum  as  sunlight. 

Power  is  derived  from  a  6-V,  four-cell,  wet,  rechargeable 
silver-zinc  battery.   The  21  amp-hr  battery  is  housed  in  the 
light-source  case  and  when  fully  charged,  can  deliver  a 
minimum  of  500  flashes  in  a  period  of  about  100  min. 

The  two  cases  are  arranged  on  the  MT-8  mounting  rack 
with  the  camera  at  one  end  of  the  rack  looking  straight  down. 
The  light  source  is  mounted  at  the  other  end  of  the  rack  at 
an  angle  such  that  the  axis  of  the  light  beam  intersects  the 
axis  of  the  camera  when  the  rack  is  about  5  ft  (1.52  m)  above 
the  bottom  (Fig.  4).   The  angled  light  source,  separated  from 
the  camera,  prevents  "flare  back"  and  provides  better  shadow 
detail.   The  MT-8  rack  is  attached  to  3/16  inch  (0.48  cm) 
standard  hydrographic  wire  with  a  ball  bearing  swivel  to 
prevent  kinks  in  the  wire. 

The  need  to  position  the  camera  equipment  near  the  bottom 
required  the  placement  of  a  sonar  type  device  (EG&G  type 
SP-9  thumper)  on  the  rack.   All  associated  electronic  equip- 
ment and  power  source  (silver-zinc  battery),  were  encased  in 
a  stainless  steel  cylinder  identical  to  those  used  for  the 
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camera  and  light.   The  thumper  operates  at  a  frequency  of 
12  kHz,  with  a  ping  rate  of  1  sec'  . 

B.  MODE  OF  OPERATION 

There  are  two  basic  modes  of  operation  associated  with 
the  camera:  automatic  triggering  and  remote  triggering. 

The  camera-light  source  combination  is  normally  wired 
to  operate  automatically,  taking  a  picture  approximately 
ewery    12  sec.   A  delay  timer  can  be  set  up  to  120  min  to 
allow  positioning  of  the  camera.   When  the  switch  closes, 
a  timing  motor  in  the  light  source  case  begins  to  rotate  a 
cam  which  in  turn  closes  a  relay  once  every  revolution.   The 
closed  relay  causes  the  shutter  to  open,  tripping  the  elec- 
tronic strobe.   Once  the  relay  opens,  the  film  advances  one 
frame.    The  operation  can  only  be  stopped  if  the  delay  timer 
is  reset  or  the  power  source  disconnected. 

A  minor  wiring  change  must  be  made  to  accomplish  remote 
triggering.   In  this  mode  of  operation  the  timing  motor  is 
disconnected  and  actuation  by  an  external  switch  will  cause 
the  camera  to  operate.   The  sequence  of  shutter-strobe 
operation  is  the  same  as  the  automatic  mode. 

C.  PROCEDURES 

The  EG&G  camera  system  was  tethered  from  the  R/V  ACANIA, 
(Fig.  5),  which  does  not  have  the  capability  to  maintain  a 
fixed  position;  consequently,  the  ship  was  adrift  during  all 
camera  runs.   The  effects  of  wind,  seas  and  currents  produced 
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an  average  drift  of  0.5  kt  (25.4  cm/sec)  for  most  of  the 
traverses.   The  predominant  factor  controlling  the  set  and 
drift  of  the  ship  was  the  wind. 

In  order  to  monitor  the  camera-bottom  distance,  the 
ship's  Universal  Graphic  Recorder  (UGR)  plotted  the  direct 
and  bottom  reflected  sonar  pulses  (Fig.  6).   The  camera's 
height  above  the  bottom  could  be  determined  by  measuring 
the  distance  between  the  leading  edge  of  the  two  pulses. 
The  pulse  from  the  EG&G  SP-9  thumper  was  received  by 
utilizing  the  hull-mounted  receiving  transducer,  part  of  the 
shipboard  AN/UQN  IB  (EDO  model  185)  fathometer,  and  asso- 
ciated electronics.   Figure  7  depicts  a  typical  acoustic 
method  for  positioning  an  underwater  camera. 

Initially  the  camera  was  configured  to  operate  in  the 
automatic  trigger  mode.   After  several  attempts  it  became 
obvious  that  the  maximum  permissible  height  above  the  bottom 
was  7-8  ft  (2.1-2.4  m)  ,  with  optimum  heights  of  4-6  ft 
(1.2-1.8  m)  .-  -Simultaneously,  it  was  discovered  that  the 
resolution  of  the  UGR  in  the  operational  depths  of  the 
canyons   was  insufficient  to  distinguish  the  two  traces  at 
camera-bottom  distances  less  than  8  ft  (2.4  m) .   As  a  result 
it  was  not  possible  to  know  when  the  camera  was  dragging  on 
the  bottom,  out  of  focus  by  being  too  close,  or  at  the 
correct  distance. 

The  remote  triggering  mode  was  selected  to  alleviate  the 
problem  of  subjecting  the  camera  to  unnecessary  abuse  and  to 
increase  the  number  of  acceptable  pictures.   A  spring-loaded 
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waterproof   switch   was    designed    (Fig.    8)    to   trigger   the 
shutter  when    the    suspended   weight   touched    the    bottom.      A 
tensiometer   was    installed   on    the   winch    sheave    to    sense    the 
camera    rig's    contact   with    the    sea    floor.      After   each    exposure 
taken    at   the   correct   camera-bottom    distance,    the    camera   was 
then    raised    a   safe    distance    above    the    bottom.      A    UGR   trace    of 
a   typical    pick-up    and    put    down    operation    is    shown    in    Fig.    9. 

A  compass  was  suspended  3.5  ft  (1.1  m)  below  the  camera 
in  order  to  determine  the  orientation  of  observed  lineaments 
and    provided    a   means    of   estimating    their   size. 

Radar    ranges    and    visual    bearings    were    the    modes    of 
navigation    utilized,    depending    on    the    visibility    and    location 
In    the   Monterey    Canyon    a    combination    of   both    methods    was    used 
with    an    estimated    accuracy    of   approximately    150-200   yards 
(137-182    m).      Visual    bearings    were    used    exclusively      in 
Carmel    Canyon   with    an    estimated    accuracy    of   100   yards 
(91 .5    m)  . 

A   bathy-metric    profile   was    recorded    for   each    photographic 
run    using    an    average    sound    speed   of   4,800    ft/sec 
(1 ,463   m/sec) . 

D.    CALIBRATION 

A  calibration  of  underwater  cameras  is  necessary  for 
determining  the  size  of  objects  in  a  photograph.   Precision 
calibration  was  neglected  because  this  underwater  photography 
was  conducted  for  interpretation  and  gross  metrical  purposes. 
A  bottom-mounted  target  with  measurement  marks  of  known 
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separation    was   photographed    in    a   tank    in    a    laboratory    at 
selected   heights    above    the   bottom.       For    a   camera-bottom 
distance    of   4.5    ft    (1.03   m) ,    an    area    28    x   44    inches 
(71    X    111.75    cm)    is    covered   by   a    full    frame    negative.      A 
distance    of   5.25    ft    (1.6   m)    covers    a    32    x   50    inch 
(91.3    X    127    cm)    aVea    and    a    distance    of   6.0    ft    (1.8   m)    a 
40    X    60    inch    (101.6    x    152.4    cm)    area. 


20 


III.   DATA  ANALYSIS 

A.  DEFINITION  OF  MICRORELIEF 

The  sea  floor  topographic  relief  can  be  divided  into 
three  categories  based  on  vertical  and  horizontal  dimensions 
(Fig.  10).   The  large  earth  features  such  as  abyssal  plains, 
plateaus,  trenches^  mountain  ranges  and  continental  slopes 
characterize  major  relief.   Canyons,  submarine  fan  valleys, 
terraces  and  basins  are  a  few  examples  of  intermediate 
relief.   Microrelief,  very  small  surficial  topographic 
features,  are  superimposed  on  both  major  and  intermediate 
relief  and  are  distinguishable  by  examination  of  bottom 
photographs  (Fig.  11).   Vertical  heights  and  horizontal 
lengths  normally  measure  from  1  mm  to  50  m  (Shipek,  1966). 

B.  ORIGIN  AND  OCCURRENCE  OF  MICRORELIEF 
1.   Physical  Properties 

The  surface  of  the  sea  floor  is  affected  by  many 
physical  processes  which  alter  the  structure  of  the  bottom 
sediments.   Common  forces  are  storm  waves,  tsunamis,  tidal 
oscillations,  gravity  slumping,  turbidity  currents  and 
bottom  currents. 

Large  areas  of  the  bottom  may  be  under  the  influence 
of  a  continuous  circulation  which  is  often  too  weak  to 
produce  recognizable  results.   Current  li neat ions  are 
frequently  temporal  and  it  is  often  difficult  to  assess 
whether  sediment  transport  has  indeed  taken  place.   The 
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absence,  deformation  or  partial  destruction  of  burrows, 
mounds  and  tracks  can  be  an  indicator  of  current  activity. 
Deflected  parts  of  organisms  attached  to  the  bottom  or  scour 
pits  around  bottom  obstructions  can  also  be  positive 
evidence.   Quite  often  no  dominant  features  are  present,  yet. 
a  photograph  may  give  a  subtle  general  impression  of 
orientedlineation. 

Ripples,  scour  marks  and  current  lineations  are 
dependent  primarily  on  the  strength  of  the  bottom  current 
and  the  coherence  of  the  sediments.   Local  variation  in 
currents,  sediment  composition,  and  topography  result  in  a 
diversity  of  wave-length,  crest-length,  amplitude  and 
symmetry  in  a  given  area.   Symmetrical  ripple  marks  indicate 
oscillatory  water  motion,  while  asymmetrical  ones  imply 
unidirectionalmotion. 

Relationships  between  particle  size  and  current 
velocity  are  shown  in  the  graph  in  Fig.  12.   A  nearly  linear 
correlation  -appears  to  exist  for  grain  sizes  larger  than 
about  1.0  mm  {^ery   coarse  sand),  while  an  inverse  relation 
is  indicated  for  silt  and  clay  (0.0024  -  0.0625  mm).   This 
inverse  relation  is  in  part  due  to  an  increase  in  cohesion 
between  particles  as  the  grain  size  decreases  and  a  rela- 
tively hydrodynami cal ly  smooth  surface.   In  order  to 
initiate  sediment  motion   currents  of  greater  magnitude  are 
required.   These  relationships  are  general,  and  meaningful 
data  is  difficult  to  extract.   The  nature  of  the  sediment 
can  affect  the  erosional  ability  of  a  current.   For  example, 
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the  current  velocity  necessary  to  erode  a  bottom  material 
such  as  red  clay  and  globigerina  ooze  mixture  may  differ 
from  that  for  some  other  aggregate  of  similar  grain  size 
(Fig.  13). 

Ripples  begin  to  form  when  the  current  velocity 
reaches  the  transportational  limits  for  the  sediment.   Using 
theoretical  and  experimental  results,  the  criterion 
V^=57  [D(p-1)^]°*^  cm/sec  was  derived  by  Laughton  (1963, 
p.  456)  to  determine  the  critical  velocity  (V^,)  as  a  function 
of  grain  density(p)  and  particle  diameter  (D)  in  the  cgs 
system  for  the  initiation  of  ripples.   This  indicates 
currents  on  the  order  of  30  cm/sec  are  necessary  to  form 
ripples  in  sediments  of  particle  size  0.2  mm  and  density 
1.5  g/cm   (approximate  values  of  globigerina  sand).   When 
the  velocities  exceed  the  transportational  limits,  erosion 
takes  place,  destroying  the  ripple  marks. 
2.   Benthic  Organisms 

Benthic  organisms  living  on  or  beneath  the  bottom 
sediments  are  generally  too  small  to  be  seen  in  photographs. 
Those  that  can  be  observed  are  often  unidentifiable  due  to 
their  small  size.   Organisms  existing  in  this  region  can  be 
divided  into  three  main  groups:   free  swimmers,  bottom 
crawlers  and  burrowers.   The  composition  and  abundance  of 
each  type  is  primarily  a  function  of  the  amount  of  organic 
material  on  the  sea  floor  and  in  suspension  immediately 
above  it.   The  free  swimmers  are  perhaps  the  least  observed 
of  the  three  groups.   Rat  tails,  ray  fins,  eels  and  octopi 
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form  the  chief  population  of  the  deeper  regions  and  are 
suited  for  either  plucking  their  prey  off  the  surface  of  the 
sea  floor  or  rooting  in  the  sediment  for  them. 

The  vast  majority  of  photographs  show  footprints, 
plow  marks,  excrement,  holes  and  mounds.   Discrete  foot- 
prints, tracks  and  trails  are  formed  principally  by 
echinoderms,  arthropods  and  chordates.   The  arthropod  has 
small  sharp  feet  and  creates  distinctive  footprints.   Large, 
prominant  tracks  and  trails  are  often  the  work  of  echino- 
derms such  as  the  brittle  star  (orphiuroids)  pulling  himself 
across  the  bottom  leaving  a  feathery  trail.   The  asteroids, 
on  the  other  hand,  walk  on  their  tubed  feet  leaving  blunt 
footprints.   The  holothurian,  a  principal  bottom  crawler, 
generally  produces  straight  or  slightly  curved  four-row  and 
two-row  trails,  or  a  path  of  holes.   However,  at  other  times 
this  organism  plows  its  way  along  the  bottom  leaving 
furrowed  paths. 

SmaM  ■  grooves ,  gouges  and  ridges  are  created  by 
roving  creatures  which  creep  and  crawl  on  or  just  below  the 
soft  surface.   Echinoderms  are  the  predominant  plowers,  but 
close  examination  may  reveal  a  worm  or  snail  at  the  end  of 
plow  marks.   The  abrupt  beginning  or  termination  of  marks 
may  be  due  to  the  fact  that  the  producer  swam  off,  burrowed 
or  was  carried  away.   Fish,  eels  and  octopi  rooting  for 
food  also  deface  the  sea  floor. 

Due  to  the  large  quantities  of  sediment  injested  to 
sustain  life,  fecal  deposits  in  the  form  of  random  piles. 
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loops,  coils  and  gentle  spirals  are  a  common  feature'.   A 
catalog  of  organisms  and  their  associated  feces  would  be  an 
aid  in  determining  the  inhabitants  of  a  region. 

Holes,  mounds  and  depressions  are  the  common  charac- 
teristics of  the  bottom  but  the  sculptors:   mollusks,  worms, 
crustaceans,  urchins  and  fish,  are  seldom  seen.   Protruding 
organisms  such  as  sea  pens,  worm  extensions  and  sponges  are 
often  observed  searching  the  water  for  nourishment. 

C.   DATA  PRESENTATION  AND  ANALYSIS 
1 .   General 

The  most  difficult  problem  encountered  in  inter- 
preting the  photographs  was  determining  the  size  of  bottom 
features.   Leg  CD-2  in  the  Monterey  Canyon  was  the  only  run 
to  successfully  utilize  the  automatic  triggering  mode.   The 
UGR  trace  was  the  sole  means  available  f or" es tabl i shi ng 
physical  dimensions.   The  time  of  a  particular  picture  was 
correlated  with  the  UGR  record  and  the  height  above  the 
bottom  computed.   By  placing  the  photographic  negative  over 
the  appropriate  calibration  frame  for  that  height,  a 
distinctive  feature  could  be  measured.   Since  this  was  the 
least  accurate  means  utilized,  an  asterisk  (*)  was  placed, 
beside  the  size  scale  for  example,  see  Fig.  17.   The 
remaining  runs  were  configured  for  the  remote  triggering 
method  with  the  trip  weight  positioned  for  a  specific 
camera-bottom  distance.   All  other  lineaments  were  measured 
by  employing  the  method  of  superimposing  negatives  for  the 
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given  trip  distance,  or  by  using  the  dimensions  of  the 
compass  when  possible.   In  a  few  instances,  accurate  size 
estimates  could  not  be  madet  consequently  no  scale  was  placed 
on  the  picture  for  example,  see  Fig.  21. 

Identification  of  benthic  organisms  and  their  tell- 
tale traces  was  accomplished  with  the  assistance  of  E. 
Anderson  of  Moss  Landing  Marine  Laboratories,  Moss  Landing, 
Ca.  and  E.G.  Haderlie  of  the  Naval  Postgraduate  School. 
2.   Monterey  Canyon 

a.   Legs  VW-1  ,  VW-2,  VW-3 

The  head  of  Monterey  Canyon  was  photographed 
extensively  (legs  VW-1,  VW-2,  VW-3)  at  depths  of  91  to  146  m 
(Fig.  14a,  14b  and  14c).   The  ship  drifted  up  the  canyon 
axis  at  an  approximate  rate  of  30  cm/sec,,  repositioning 
twice  to  remain  in  the  desired  area.   Out  of  100  photographs 
taken  at  an  average  height  of  1.6  m  above  the  canyon  floor, 
it  was  not  possible  to  distinguish  the  bottom,  although  the 
compass  was  visible  1.1  m  below  the  camera.   From  pictures 
taken  in  other  parts  of  the  canyon  using  the  compass  as  a 
reference  background  it  is  apparent  that  this  is  a  region 
of  high  turbidity. 

Reduced  visibility  at  the  head  of  Monterey 
Canyon  was  experienced  by  H.G.  Greene  of  the  U.S.  Geological 
Survey  Office  on  September  15,  1970,  while  diving  in  the 
submersible  NEKTON  BETA  (personal  communication).   He 
reported  near-zero  visibility  in  an  uncharted,  anomalous 
depression  apparently  blocked  at  the  seaward  end  by  a 
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slumped  feature.   It  was  his  belief  that  trapped  sediment 
was  easily  disturbed  by  the  submersible  touching  the  bottom, 
creating  a  large,  dense  sediment  cloud.   It  might  then  be 
assumed  that  each  time  the  camera  rack  touched  the  bottom  a 
sediment  cloud  was  produced.   The  camera  traveling  at  18  m/min 
and  touching  the  bottom  only  after  a  picture  is  taken  does 
not  seem  the  likely  cause  of  such  extensive  turbidity.   Leg 
VW-2  was  on  the  side  of  the  canyon,  not  in  the  deeper  central 
axis  area,  yet  no  difference  in  turbidity  was  noted.   This 
condition  was  not  experienced  during  any  of  the  other  runs 
in  the  canyon. 

A  more  probable  source  of  the  turbidity  might 
be  due  to  longshore  transport  carrying  sediments  into  the 
head  of  the  canyon.   Bottom  current  measurements  have  been 
conducted  in  this  region  by  Gatje  and  Pizinger  (1965), 
Dooley  (1968),  and  Njus  (1968).   Gatje  and  Pizinger  recorded 
currents  in  130  m  of  water  shoreward  of  the  subject  area, 
4.8  m  above  'the  bottom.   Currents  varied  between  0  and 
41  cm/sec,  with  a  mean  speed  of  10  cm/sec  following  the 
canyon  axis.   Dooley,  measuring  in  the  same  vicinity, 
reported  similar  results.   Njus  investigated  currents  12  m 
above  the  bottom  in  the  same  area  as  the  camera  runs  and 
reported  flows  of  0  to  50  cm/sec  with  a  mean  velocity  of 
33  cm/sec.   This  is  considerably  higher  than  for  the  other 
two  studies  and  appears  excessive.   In  all  three  studies 
the  current  was  found  to  be  bimodal  ,  up  and  down  the  canyon 
axis,  reaching  maximum  velocities  during  the  rise  and  fall 
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of  the  tide.   Results  of  other  measurements  (Shepard, 
Marshall  and  McLoughlin,  1974)  taken  3  m  above  the  bottom, 
at  a  depth  of  155  m,  indicated  an  average  flow  of  9  to  10 
cm/sec  reaching  maximum  values  of  24  to  32  cm/sec.   The 
direction  of  flow  was  predominantly  up-  and  downcanyon  and 
appeared  to  be  ti dally  influenced. 

In  a  study  of  the  sediments  of  Monterey  Bay, 
Galliher  (1932)  describes  the  grain  size  in  this  part  of  the 
canyon  as  yery    find  sand  (0.0625-0.125  mm),  generally 
greenish  gray.   A  partially  successful  grab  sample  indicated 
a  layer  of  sand  about  1.3  cm  thick  overlying  a  firmer  silty 
mud.   The  maximum  velocities  reported  above  are  of  sufficient 
magnitude  to  maintain  in  suspension  material  of  this  size 
(Fig.  12). 

b.   Legs  CD-2,  CD-3,  UV-1 

These  three  legs  are  located  within  close 
proximity  of  each  other.   Leg  CD-2  consisted  of  40  pictures 
taken  at  depths  of  210  to  260  m  (Fig.  15)  while  the  ship 
drifted  up-canyon  at  an  average  rate  of  30  cm/sec. 

Active  biological  churning,  evidenced  by  holes, 
exists  in  40%  of  the  pictures  and  is  probably  the  work  of 
clam  siphons  and  tube  and  tubeless  worms  (Fig.  16).   Larger, 
rimless  depressions,  possibly  the  product  of  burrowing 
urchins  and  protruding  sea  pens  (Al cyonacea ) ,  are  observed 
in  many  of  the  photos  (Fig.  17  and  18).   Plow  marks,  tracks 
and  large,  free  swimmers  were  not  common,  but  several 
brittle  star  impressions  could  be  seen. 
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Three  pictures  show  good  examples  of  rock  outcrops 
(Fig.  19,  20,  and  21).   The  first  (Fig.  19)  appears  to  be  a 
piece  of  layered  sedimentary  rock,  possibly  Miocene  Monterey 
shale.   The  rock  may  be  out  of  place  due  to  slumping  which 
is  common  along  the  walls  of  the  Monterey  Submarine  Canyon 
(H.G.  Greene,  personal  communication).   Sediment  with  ripple 
marks  indicate  current  activity,  and  a  fish  appears  to  be 
resting  in  a  depression.   Due  to  an  excessive  camera-bottom 
distance,  the  canyon  floor  could  not  be  seen  in  the  next 
four  frames,  creating  roughly  an  18-m  gap  in  the  coverage. 
The  first  picture  after  Fig.  19  shows  30  to  40  angular  rock 
fragments  ranging  in  size  from  less  than  2.5  cm  to  about 
20  cm,  resting  on  a  sloped  surface  (Fig.  20).   These  rocks 
have  the  same  general  appearance  as  the  exposed  layered 
rock,  and  from  their  angularity  one  might  speculate  they  are 
shale.   The  rocks,  free  of  sediment,  suggest  an  erosional 
process  exists,  and  the  eel  grass  (Zostera)  debris,  partially 
buried  in  the' sediment ,  is  evidence  of  transport  from 
shallower  regions.   The  rock  outcrop  in  Fig.  21  is  important 
because  its  surface  is  virtually  free  of  sediments.   Of 
particular  interest  is  the  crack  which  contains  no  deposi- 
tional  material,  thus  indicating  active  scouring. 

The  picture  immediately  following  Fig.  21,  about 
4  m  removed  in  space,  depicts  mud  clumps  similar  to  those 
found  in  biologically  active  regions,  and  borders  a  smoothed- 
over  bottom  (Fig.  22).   Apparently,  a  short  abrupt  transition 
zone  exists  between  a  sloping  rocky  wall  and  a  relatively 
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flat  bottom  exposed  to  current  activity.   Indeed,  the  last 
14  pictures,  representing  about  35%  of  the  run,  show  varying 
degrees  of  current  li neat  ions.   Distinct  ripple  marks  with 
crest-to-crest  distances  of  16  to  18  cm  appear  in  several 
photos  (Fig.  23).   Since  the  compass  was  not  shown  in  any  of 
the  frames,  the  orientation  of  the  crests  could  not  be 
determined.   Debrfs,  consisting  of  eel  grass  lying  on  top  of 
faintly  rippled  sediment  about  5  m  removed  from  Fig.  23, 
further  supports  the  existence  of  currents  (Fig.  24). 

Caster  (1969)  observed  current  speeds  of  0  to 
25  cm/sec  which  were  primarily  bimodal  up  and  down  the 
canyon  axis.   A  mean  speed  of  10.8  cm/sec  was  computed,  and 
a  relationship  with  the  semidiurnal  tide  was  evident.   This 
association  of  current  and  tidal  fluctuations  is  consistent 
with  other  studies  conducted  near  the  head  of  the  canyon. 
The  velocities  recorded  are  sufficient  to  transport  the  silt 
and  clay  (0.005  -  0.0625  mm)  sediment  reported  in  this 
region.     "  " 

A  bathymetric  profile  of  UV-1  (Fig.  25)  indicates 
that  the  photographed  area  is  relatively  flat  with  an  average 
depth  regime  from  320  to  350  m.   A  total  of  55  pictures  were 
taken  as  the  ship  drifted  down  the  canyon  at  an  average  rate 
of  25  cm/sec. 

The  first  120  m  of  the  run  revealed  a  biologi- 
cally disturbed  bottom  similar  to  that  of  leg  CD-2,  except 
that  the  density  of  small  holes  was  considerably  less.   The 
poorly  defined  current  li neat  ions  seen  in  the  negatives 
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were  difficult  to  reproduce  on  a  print.   Immediately 
following  this  region,  an  area  of  wel 1 -devel oped  ripple  marks 
occurred  with  the  crests  oriented  in  a  WNW  -  ESE  direction 
and  an  average  crest-to-crest  distance  of  10  cm  (Fig.  26). 
The  distance  traveled  between  adjacent  pictures  was  about 
1.5  m,  slightly  more  than  the  field  of  vision  for  a  single 
frame,  and  no  overlapping  coverage  was  noted.   Since  there 
was  no  gap  in  the  data  except  the  normal  1  min  firing  rate, 
it  is  reasonable  to  conclude  that  a  well  defined  region 
exists  where  current  activity  is  of  sufficient  magnitude  and 
duration  to  hinder  burrowing  organisms  from  establishing 
their  holes.   The  peripheral  region  apparently  experiences 
velocities  which  create  sediment  ripples  less  frequently. 
As  a  result,  the  holes  and  rimless  craters  can  be  produced 
and  maintained  for  a  period  of  time.   E.G.  Haderlie  (personal 
communication)  indicated  that  destroyed  holes  can  be  restored 
within  several  hours. 

A  region  of  alternating  biological  activity  and 
current  lineations  followed,  covering  about  135  m  of  the  run. 
The  surface  of  the  bottom  eventually  yielded  to  a  smooth 
appearance  (Fig.  27  and  28)  for  the  remainder  of  the  traverse 
with  a  noticeable  absence  of  small  holes.   Initially  it  was 
believed  that  the  camera-to-bottom  distance  might  have  been 
too  great  to  clearly  see  these  smaller  features.   After 
comparing  the  pictures  from  this  and  other  runs  of  equal 
height,  it  seems  more  reasonable  to  conclude  that  the  holes 
do  not  exist.   It  may  be  that  the  area  had  been  recently 
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scoured  and  evidence  of  burrowers  not  yet  reestablished.   On 
the  other  hand  water  velocities  may  be  sufficient  to  either 
prevent  or  destroy  biologically  produced  features,  yet 
insufficient  to  create  current  lineations.   The  rock  in  the 
lower  left  corner  of  Fig.  27  appears  to  have  sediment  nearly 
covering  the  upper  right  side  while  a  depression  exists 
exposing  more  of  the  rock  on  the  lower  left  side.   This 
might  be  interpreted  as  a  scour  pit  indicating  sediment 
transport  from  the  upper  right  to  lower  left  of  the  picture. 

Upon  completion  of  leg  CD-3,  in  an  average  depth 
of  310  m,  it  was  discovered  that  only  four  pictures  had  been 
taken.   Ripple  marks  oriented  in  a  W-E  direction  with  an 
average  crest-to-crest  distance  of  14  cm  were  observed  in 
all  four  photos  (Fig.  29).   Although  bathymetric  charts  are 
not  sufficiently  detailed,  there  is  evidence  of  a  deep 
tributary  tending  to  the  NE  which  intersects  the  canyon  axis 
in  th.is  area.   H.G.  Greene  (personal  communication)  believes 
that  a  current  exists  in  this  extension.   He  further 
speculates  that  the  tributary  extends  closer  to  shore  and 
intercepts  longshore  sediment  transport  that  would  otherwise 
reach  the  head  of  Monterey  Canyon  at  Moss  Landing.   No  known 
direct  current  measurements  or  sediment  transport  studies 
have  been  conducted  in  this  tributary, 
c.   Leg  EF-2 

This  photographic  run  crossed  over  a  gently 
sloping  hill,  possessing  a  vertical  relief  of  about  30  m 
at  a  mean  speed  of  41  cm/sec  (Fig.  30).   Over  60  pictures 
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were  acquired  covering  a  depth  regime  from  433  to  405  m. 

The  bottom  sediments  had  been  extensively 
churned  by  burrowers  and  surface  feeders  with  no  appreciable 
difference  during  the  entire  traverse.   E.  Anderson  (personal 
communication)  reported  that  dredging  in  this  area  often 
produces  small  clams  and  worm  tubes,  some  as  long  as  12  cm. 
The  coiled  fecal  deposits  (Fig.  31)  had  an  average  density 
of  about  8  to  10  per  frame  and  are  nearly  1.2  cm  in  diameter. 
The  fact  that  there  is  no  trail  originating  or  terminating 
at  the  feces  tends  to  indicate  a  burrower  as  the  producer. 
Similar  excretions  known  to  be  produced  by  burrowing  worms 
have  been  recorded  in  tidal  mud  flats  by  Russell  and  Young 
(1963,  plate  18).   If  these  feces  had  been  produced  by 
surface  organisms,  the  added  weight  of  the  material  prior 
to  deposition  would  generally  tend  to  create  a  deeper  than 
normal  furrowed  trail,  which  would  be  easily  detectable. 

The  thin,  narrow  plow  marks  are  primarily  the 
result  of  ga-stropods  creeping  along  the  bottom,  and  close 
examination  occasionally  reveals  a  small  snail  at  the  end 
of  a  trail  (Fig.  32).   These  gastropods  are  about  1.3  cm  in 
size  and  had  an  average  density  of  about  12  to  36  per  frame, 
the  highest  for  all  the  Monterey  Canyon  runs.   Their  presence 
in  significant  numbers  would  seem  to  indicate  an  organically 
rich  sediment. 

Throughout  the  entire  leg  there  was  no  evidence 
of  active  bottom  scouring.   Gastropods  and  intact  feces  were 
not  observed  in  regions  of  current  activity;  thus  their 
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presence  tends  to  support  the  idea  of  little  or  no  water 
motion.   Fecal  deposits  can,  however,  be  very  resistive  and 
remain  intact  when  under  the  influence  of  currents.   Small 
burrowed  holes  in  the  sediment  are  not  a  reliable  indicator, 
because  they  begin  to  reappear  shortly  after  scouring  occurs, 
The  absence  of  the  sea  pen,  which  seeks  suspended  material 
for  nourishment,  might  indicate  that  the  water  circulation 
is  insufficient  to  carry  new  supplies  of  nutrients  into  the 
area . 

Although  it  was  not  possible  to  identify  the 
creators  of  the  larger  rimless  craters,  the  eel  pout  (Fig. 
33)  and  the  heart  urchin  are  the  probable  modelers.   The 
heart  urchin  can  exist  in  both  current  swept  and  tranquil 
environments  and  feeds  by  using  its  podia  to  pass  sediment 
by  its  mouth  and  then  over  the  top  of  the  body.   They  can 
not  go  backwards  but  must  burrow  forward  into  the  bottom, 
and  Fig.  34  may  show  one  at  work. 

-It  is  virtually  impossible  to  distinguish 
different  grain  size  and  texture  from  underwater  photographs 
except  when  looking  at  yery    coarse  sand  compared  to  ooze. 
However,  a  general  impression  exists  that  the  sediment  here 
is  finer  than  the  shoreward  area.   Although  no  sampling 
station  was  located  near  line  EF-2,  Galliher  (1932)  has 
classified  the  sediments  in  this  area  as  silt  and  clay 
CO. 062  -  0.005  mm) . 
d.   Leg  GH 

The  ship  was  positioned  on  the  north  wall  of  the 
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canyon  and  initially  carried  away  from  the  side,  then  more 
parallel  to  it,  at  an  average  speed  of  61  cm/sec.   The  depth 
increased  from  616  m  down  to  658  m  (Fig.  35),  and  after  16 
pictures  a  broken  connection  to  the  camera's  shutter  pre- 
vented further  operation. 

Each  frame  contains  at  least  one  or  two  starfish 
(Astropecten)  ,  measuring  about  10  cm  from  tip  to  tip  (Fig. 
36  and  37).   Two  rows  of  holes  in  Fig.  36  may  be  the  tracks 
of  a  large  holothurian,  while  the  narrow  plow  marks  are  the 
product  of  the  gastropod  which  can  be  seen  at  the  end  of 
several  of  the  furrows  (Fig.  37).   The  density  of  gastropods 
is  greatly  reduced  from  that  of  leg  EF-2,  averaging  less 
than  12  in  any  given  picture.   The  sea  pen  is  not  generally 
present  except  in  the  lower  center  of  Fig.  38,  where  a 
feather-like  extension  is  plainly  visible.   The  lower  number 
of  small  holes  and  the  lack  of  feces  distinguishes  this 
sloping  bottom  from  that  in  leg  EF-2,  perhaps  suggesting  a 
more  active  "water  environment. 

The  decrease  in  biological  activity  may  be  in 
part  due  to  the  increase  in  depth  which  may  not  be  favorable 
to  certain  types  of  organisms.   This  is  probably  not  true 
of  the  burrowing  worm,  although  partially  successful  bottom 
grab  samples  produced  smaller  and  fewer  worm  tubes  from  this 
area  of  the  canyon.   It  would  seem  that  there  is  nutrient- 
enriched  sediment  due  to  the  presence  of  a  large  organism, 
the  starfish.   The  single,  most  probable,  reason  for  what 
appears  is  the  steepness  of  the  bottom.   No  current 
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lineations  were  observed,  yet  the  bottom  looks  on  the  basis 
of  the  almost  washboard  appearance  of  the  sediment  as  if  it 
may  be  under  some  type  of  stress.   Perhaps  during  periods  of 
strong  cross— canyon  winds,  storm  waves  and/or  earthquakes  in 
Monterey  Bay,  small  gravity  slumps  are  triggered.   Other 
initiating  mechanisms  such  as  seiches,  tidal  fluctuations 
and  simple  sediment  overburdening  may  initiate  sediment 
motion  down  the  sides.   Frequent  slumping  would  create  a 
hostile  environment  for  most  small  surface  crawlers  and 
would  disturb  burrowing  organisms. 

Observing  how  the  ballast  weight  of  the  compass 
sinks  into  the  bottom,  producing  only  a  small  sediment 
cloud,  one  concludes  that  the  bottom  material  is  cohesive 
[Fig.  36  and  37).   This  is  not  unexpected,  since  noncohesive 
sediment  such  as  fine  sand  would  probably  be  unable  to 
maintain  its  position  on  a  steep  slope.   A  general  mapping 
of  this  region  by  Galliher  (1932)  indicates  coarse  sediment 
about  4  cm  t-hTck  overlying  silt  and  clay,  but  examination 
of  the  pictures  does  not  support  his  findings, 
e.   Leg  IJ 

The  ship  was  positioned  to  drift  up  the  axis  of 
the  canyon  in  depths  of  831  m,  but  a  shift  in  the  wind 
resulted  in  a  southeasterly  set  at  about  51  cm/sec.   This 
caused  the  camera  to  travel  up  the  south  wall  of  the  canyon 
to  a  final  depth  of  658  m  (Fig.  39),  during  which  time  a 
total  of  40  pictures  was  taken. 

Large  mud  clumps  varying  in  size  and  shape 
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distinguished  this  region  from  the  other  areas.   Sea  pens, 
no  less  than  12  per  frame,  dominated  the  first  38%  of  the 
run  in  the  deeper  flatter  region.   Small  burrowing  holes 
were  least  noticeable  in  this  photographic  series,  and 
rimless  craters  were  much  less  pronounced.   Considering  the 
slope  of  the  bottom,  if  the  camera  rack  were  oriented  with 
the  trip  weight  on  the  upslope  side  and  the  camera  on  the 
downslope,  a  greater  camera-bottom  distance  would  result. 
Thus,  the  ability  to  detect  smaller  features  would  be  reduced 
and  a  study  of  the  photos  seemed  to  suggest  that  this  was 
the  case. 

The  first  noticeable  change  occurred  with  the 
appearance  of  small  shell  fragments  lying  on  and  partially 
buried  in  the  surface  of  the  sediment  (Fig.  40).   These 
shells  were  probably  transported  down  the  wall  of  the  canyon 
from  shallower  depths,  though  it  is  conceivable  that  they 
were  displaced  during  some  type  of  downslope  sediment  slump. 
Simul  taneous"ly ,  a  marked  decrease  in  the  number  of  sea  pens 
was  observed.   The  first  picture  taken,  after  approximately 
91  m  of  no  coverage,  revealed  a  bottom  heavily  populated  by 
buried  brittle  stars  (Fig.  41).   The  reasons  for  these 
changes  are  not  known,  however  changing  environmental  condi- 
tions are  undoubtedly  involved. 

Three  photos  during  the  traverse  clearly  show 
distinct  ridges  in  the  sediments,  their  origin  and  orienta- 
tion unknown.   Similar  ridges  previously  photographed  and 
described  by  Heezen  and  Hollister  (1971)  have  been 
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attributed  to  erosional  currents  carrying  away  sediment, 

leaving  a  differential  in  height  (Fig.  42  and  43).   The  third 
picture  (Fig.  44)  differs  from  the  other  two  in  that  several 
ridges  similar  to  aged  ripple  marks  cover  the  area.   One 
explanation  could  be  that  sediment  slumping  down  the  walls 
of  the  canyon  scours  the  slopes  and  perhaps  piles  up  in  the 
flatter  areas,  forming  several  ridges.   Flows  down  a  canyon 
wall  could  be  the  result  of  cross— canyon  currents,  which 
have  been  reported  by  Shepard  (Shepard  et  al.,  1974)  and 
Hollister  (1975).   HolTister  measured  a  maximum  cross-^canyon 
velocity  of  12.5  cm/sec  and  a  mean  of  2.01  cm/sec,  30  m 
above  the  bottom  in  the  vicinity  of  leg  EF-2.   It  is 
reasonable  then  to  assume  that  similar  cross  currents  exist 
in  other  areas  of  the  canyon.   The  exposed  shell  fragments 
and  ridges  certainly  tend  to  indicate  the  existence  of  some 
type  of  sediment  movement. 

The  last  picture  of  the  run  (Fig.  45)  shows  a 
biologically  encrusted  group  of  rocks  containing  sea  anemones 
and  soft  coral  (Anthomastus  Ritter),  one  with  polyps  extended 
and  the  other  with  them  retracted,   A  build-up  of  sediment 
on  one  side  of  the  rocks  and  a  deficit  on  the  other  suggest 
sediment  movement  from  the  top  to  the  bottom  of  the  picture. 
3.   Carmel  Canyon 
a.   Leg  TU 

Drifting  up  the  head  of  the  Carmel  Canyon  at 
almost  30.5  cm/sec  permitted  the  taking  of  59  pictures. 
Initially  the  camera,  on  the  side  of  the  canyon,  descended 
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to  260  m  and  then  slowly  followed  the  slope  upward  toward 
shore  to  a  final  depth  of  128  m  (Fig.  46). 

Biological  life,  primarily  the  crab  (Galatheid) 
and  the  shrimp  (Pandalus  platyceros),  abound,  while  rock 
outcrops  and  ripple  marks  appear  throughout  the  entire 
traverse  (Fig.  47  and  48).   The  crab  is  observed  periodically 
throughout  the  run,  always  associated  with  rock  outcrops, 
which  they  seem  to  use  as  hiding  places  (Fig.  49  and  50). 
The  shrimp,  on  the  other  hand,  were  photographed  in  the  open, 
walking  on  a  smooth  sandy-looking  bottom  (Fig.  51).   These 
two  crustaceans  dominated  26%  of  the  pictures,  with  the 
shrimp  being  the  most  numerous.   Carmel  Canyon  is  a  known 
commerical  shrimp  bed,  and  such  a  high  density  is  not 
unexpected . 

The  ship  drifted  near  the  base  of  the  canyon's 
southern  wall,  and  periodically  the  camera  passed  over 
associated  rock  formations.   Rock  outcrops,  present  in  12% 
of  the  phot o"s  and  ranging  over  the  entire  length  of  the 
line,  were  covered  by  biological  growth  as  well  as  sediment 
CFig.  47,  49,  50,  and  52).   This  contrasts  with  the  few 
rocks  seen  in  Monterey  Canyon,  which  for  the  most  part  were 
free  of  sediment  and  biologies. 

Current  li neat  ions  were  observed  over  most  of 
the  area,  being  more  prominant  at  the  seaward  end  of  the 
leg  CFig.  53).   In  the  nearshore  part  of  the  canyon  the 
current  lineations  were  less  noticeable.   This  may  be  due 
to  higher  current  velocities  which  have  smoothed  out  the 
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sediment.   The  crests  of  the  ripple  marks  oriented  in  a  N-S 
direction  had  an  average  crest-to-crest  distance  of  about 
11  cm.   This  would  be  the  proper  alignment  for  a  current 
traveling  along  the  axis  of  the  canyon.   Large  quantities 
,of  nearshore  debris  (Fig.  54  and  55)  can  be  seen  at  the 
seaward  portion  of  the  leg  but  not  at  the  shallower  end. 
This  supports  the  concept  that  the  current  slows  as  it 
travels  seaward,  allowing  deposition  of  material.   Currents 
measured  under  stormy  conditions,  3  m  above  the  bottom,  at 
a  depth  of  205  m  had  an  average  speed  of  12  to  14  cm/sec 
with  maximum  surges  between  28  and  31  cm/sec  (Shepard  et  al., 
1974).   The  surges  are  of  sufficient  magnitude  to  transport 
the  sediment  in  this  region. 

In  general  the  surface  sediments  look  grainy, 
perhaps  being  fine  sand  (Fig.  47,  51,  and  53).   The  size  and 
density  of  the  sediment  clouds  produced  by  the  compass 
striking  the  bottom  (Fig.  56)  indicate  that  the  sediment  is 
noncohesi ve.-  Attempts  have  been  made  to  relate  the  apparent 
size  and  density  of  a  sediment  cloud  to  the  average  grain 
size  of  the  surface  sediment  (Athearn,  1967).   Sediments 
with  higher  silt  and  clay  content  tend  to  create  denser, 
smaller  clouds,  whereas  a  greater  amount  of  sand  content 
produces  a  less  dense  cloud.   Athearn  (1967)  concluded  that 
the  determination  of  grain  size  by  comparing  sediment  clouds 
is  limited  to  distinguishing  finer  and  coarser  sediments  in 
a  particular  area.   A  bottom  sample  collected  by  Carter 
(1971)  indicates  that  the  surface  sediment  at  that  time 
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consisted  of  55%  sand,  39%  silt  and  5.5%  clay  for  a  mean 
grain  size  of  0.065  mm  (very  fine  sand).   This  analysis 
appears  consistent  with  the  overall  general  appearance  of 
the  bottom  sediments. 

The  very  tiny  holes  in  straight  lines  are  the 
footprints  of  the  shrimp  or  crab,  while  the  plow  marks  are 
probably  created  by  bottom  fish  resting  on  the  bottom  or 
worms  and  holothurians  crawling  along  the  surface  (Fig,  48 
and  51).   The  uniform  lack  of  holes  and  the  absence  of  feces 
indicate  a  low  population  of  burrowing  organisms.   Coarse 
sediment,  which  might  not  provide  the  environmental  require- 
ments of  burrowers,  and  frequent  scouring  may  be  the  reasons 
for  the  sparsity  of  these  features, 
b.   Legs  ST-1  ,  ST-2,  ST-3 

The  bottom  profiles  of  this  region  just  seaward 
of  leg  TU  are  quite  different  for  each  line  (Fig.  57,  58, 
and  59).   A  total  of  50  pictures  was  obtained  as  the  camera 
traveled  at  -about  25  cm/sec  during  legs  ST-1  and  ST-2  and 
slightly  slower,  about  17  cm/sec,  during  leg  ST-3. 

The  bathymetric  profile  of  ST-1  (Fig.  57)  indi- 
cates that  the  camera  followed  the  side  of  the  canyon  wall 
from  329  m  up  to  219  m.   One  might  expect  mostly  rock 
outcrops,  primari ly  because  during  leg  TU ,  when  near  the 
base  of  the  wall,  rocks  were  present.   Only  four  pictures, 
however,  revealed  rock  outcrops,  presumably  granite,  known 
to  be  the  dominant  rock  structure  in  the  canyon  (Fig.  60). 
The  presence  of  the  sediment  and  the  lack  of  scour  pits 
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suggest  little  active  transport  in  this  region. 

The  remaining  11  pictures  of  leg  ST-1  and  the  16 
pictures  of  leg  ST-3  depict  a  bottom  potmarked  with  half-moon 
shaped  depressions  (Fig.  61).   Virtually  no  small  holes  exist, 
and  the  sea  pen  is  rarely  seen.   Surface  crawlers  and  free 
swimmers  are  completely  absent.   This  is  undoubtedly  the  most 
biologically  barren  area  photographed  in  Carmel  Canyon. 

A  general  impression  of  current  lineation  in 
Fig.  61  possessing  a  crest-to-crest  distance  of  slightly  less 
than  11  cm  and  oriented  in  a  NNW  -  SSE  direction,  indicates 
an  axial  current  flow.   The  apparent  ripple  marks  are  prob- 
ably not  recently  formed,  considering  the  number  of 
depressions  and  short  track  marks  present.   Average  current 
velocities  of  15  to  18  cm/sec  were  measured  3  m  above  the 
bottom  at  this  depth  under  stormy  conditions  (Shepard  et  al . , 
1974).   Maximum  surges  of  30  to  36  cm/sec  are  well  above 
transportational  limits.   A  49%  sand,  46%  silt  and  5.3%  clay 
sediment  corn-position  with  a  mean  grain  size  of  0.060  mm 
(very  fine  sand)  is  reported  by  Carter  (1971),  which  is  a 
slight  decrease  in  the  sand  size  compared  to  leg  TU.   This 
is  not  unexpected,  since  under  normal  conditions  the  velo- 
city of  a  current  tends  to  decrease  as  it  travels  seaward, 
which  in  turn  means  that  the  particle  size  it  can  transport 
also  decreases. 

Leg  ST-2  was  located  on  a  shallower  shelf  (Fig. 
58)  and  was  markedly  different  than  ST-1  and  ST-3.   The 
general  impression  one  has  after  examining  the  photos  is 
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that  the  pictures  were  taken  on  a  sloping  surface,  which  is 
consistent  with  the  bathymetric  bottom  trace.   The  slope  is 
heavily  sediment  laden,  and  small  scale  slumping  appears  to 
have  taken  place  (Fig.  62,  63  and  64).   Exposed  worm  tubes 
sticking  out  of  the  sediment,  shell  fragments  and  general 
arrangement  of  the  bottom  material  are  supportive  evidence. 
Sources  for  activity  may  be  associated  with  water  motion 
over  the  side  of  the  canyon  from  longshore  currents,  storm 
waves  and  periodic  discharges  from  the  Carmel  River. 

c.  Legs  QR-1  and  QR-2 

Rocks  covered  with  biological  growth  dominated 
over  80%  of  the  50  pictures  taken  during  this  run  (Fig.  65 
and  66),  and  no  current  activity  was  noted.   The  drift  rate 
was  excessive,  almost  50  cm/sec,  and  apparently  at  the 
beginning  of  the  run  the  camera  hit  the  bottom  breaking  an 
0-ring  seal.   As  a  result,  all  of  the  pictures  were  either 
partially  or  totally  distorted  by  a  small  amount  of  water 
on  the  insid-eof  the  camera  window. 

d.  Legs  KL-1 ,  KL-2,  KL-3 

During  legs  KL-1  and  KL-3  the  ship  crossed  the 
canyon  normal  to  the  axis  at  an  average  speed  of  41  cm/sec 
and  36  cm/sec,  respectively.   The  depths,  530  m  and  480  m 
respectively,  remained  reasonably  constant  for  the  two  legs, 
and  no  bathymetric  profiles  were  recorded. 

The  28  pictures  taken  during  leg  KL-1  all 
revealed  evidence  of  current  activity  in  the  form  of  well- 
developed  asymmetrical  ripple  marks  (Fig.  67,  68  and  69). 
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The  average  crest-to-crest  distance  was  13  cm  with  an 
orientation  of  WNW  -  ESE.   In  most  of  these  pictures  coarse 
sediment  can  be  seen  in  the  troughs  of  the  ripple  waves, 
which  indicates  substantial  current  velocities.   In  Fig.  70 
a  pebble  approximately  1.9  cm  in  size  along  with  gravel  and 
shell  fragments  can  be  plainly  observed.   Because  of  the 
near  absence  of  ripple  marks  and  the  size  of  the  sediments, 
it  is  probable  that  the  current  in  this  area  exceeded  trans- 
portational  limits  and  began  eroding  the  previously  formed 
ripple  crests.   Studies  indicate  that  velocities  in  excess 
of  50  cm/sec  are  necessary  to  erode  these  grain  sizes  (Fig. 
12).   Finer  looking  sediment,  perhaps  medium  and  fine  sand, 
and  a  few  small  holes  appear  in  the  pictures  taken  after 
Fig.  70,  indicating  slower  water  motion  (Fig.  71).   The 
poorly  defined  remnant  ripples  might  indicate  that  the 
current  velocity  was  just  beginning  to  initiate  ripple 
development  or  was  sufficient  to  smooth  out  the  sediment. 
Most  probabl-y  leg  KL-1  passed  across  the  axial  current  flow 
of  the  canyon  at  the  point  of  greatest  velocity. 

Leg  KL-3  photographed  south  of  the  canyon  axis 
in  relatively  the  same  area  as  the  latter  part  of  leg  KL-1 
but  about  0.6  km  shoreward.   The  bottom  throughout  looked 
similar  to  that  at  the  end  of  leg  KL-1  having  poorly  defined 
ripple  marks  and  a  sparse  number  of  small  holes  (Fig.  72 
and  73). 

Leg  KL-2  located  on  the  northern  wall  of  the 
canyon  followed  a  sloped  surface  upward  from  415  m  to  385  m. 
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No  evidence  of  current  activity  was  noted,  but  there  was 
evidence  of  burrowing  activity  in  the  form  of  small  holes 
and  larger  rimless  depressions.   In  several  photos  piles  of 
feces  and  plow  marks  were  present  (Fig.  74  and  75),  and  the 
overall  appearance  suggests  relative  stability. 
e.   Leg  MN 

The  bottom  remained  basically  flat  with  an  aver- 
age depth  of  700  m  as  the  ship  drifted  shoreward  at  about 
39  cm/sec  parallel  to  the  canyon  axis.   The  bathymetric 
profile  taken  by  traversing  the  camera  line  after  the 
photographic  run  was  in  sharp  contrast  with  the  recorded 
camera  wire  lengths.   Therefore,  the  profile,  indicating  a 
large  vertical  relief,  was  not  included  in  the  report. 

This  region  of  the  canyon  does  not  appear  to  be 
strongly  influenced  by  current  activity,  and  on  the  average 
each  of  the  36  pictures  contained  between  100  and  150 
gastropods  per  frame  feeding  on  the  surface  sediments  (Fig. 
76  and  77).  .Occasionally  the  gastropods,  about  1.27  cm  in 
size,  gather  in  a  group  of  about  24  (Fig.  76)  or  gravitate 
to  a  certain  area  (Fig.  78).   The  high  density  of  these 
organisms  indicates  an  organically  rich  bottom  material,  and 
the  small,  thick  sediment  cloud  (Fig.  77)  suggests  fine 
sediments.   Assuming  that  the  gastropod  requires  a  certain 
grain  size  in  order  to  be  able  to  in jest  it,  a  silt  and  clay 
(0.062  -  0.005  mm)  sediment  might  be  inferred.   Starfish, 
averaging  1.7  cm  and  occasionally  less,  and  shallow  rimless 
depressions  common  to  many  of  the  pictures  in  Monterey  Canyon 
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appeared  in  a  few  pictures  (Fig.  79). 

Although  there  is  no  direct  evidence  of  current 
activity,  water  motion  from  shallower  regions  may  exist, 
since  surf  grass  is  present  in  Fig.  78. 
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IV.   DISCUSSION  AND  CONCLUSION 

The  Monterey  and  Carmel  Canyons  have  significantly 
different  mi crorel i efs .   This  is  in  part  due  to  the  different 
topography  and  geology  of  the  two  canyons. 

The  broad  opening  of  Monterey  Bay  and  the  relatively 
wide  and  shallow  shelf  northeast  and  south  of  Monterey 
Canyon  exposes  the  canyon  to  a  wide  spectrum  of  sea  and  swell 
and  sediment  sources.   The  main  source  of  sediment  in  the 
canyon  is  probably  longshore  littoral  transport  from  the 
north  with  the  Pajaro  River  seasonally  infusing  significant 
quantities  of  material  into  the  system.   The  sediments  are 
continuously  sorted  as  they  move  down  the  coast,  the  smaller 
grain  sizes  reaching  the  head  of  the  canyon.   The  sluggish 
outflow  of  Elkhorn  Slough  and  sediment  carried  across  the 
shallow  shelf  by  storm  waves  also  contribute  to  the  mud  and 
silt  found  along  most  of  the  walls  and  bottom  of  the  canyon. 
The  fine  nutrient  enriched  sea  floor  offers  favorable 
environment  for  many  burrowing  organisms  accounting  for  the 
large  number  of  holes  and  rimless  craters  observed  through- 
out the  canyon. 

Carmel  Canyon,  on  the  other  hand,  is  situated  in  a  small 
and  narrow  bay  about  5.6  km  wide  on  the  seaward  side.   There 
is  a  wery   narrow  shelf,  and  the  transition  from  deep  to 
shallow  water  is  rapid.   Sedimentary  material  is  supplied 
principally  by  the  Carmel  River  and  San  Jose  Creek  combined 
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with  the  erosion  and  weathering  of  the  shoreline.   Littoral 
transport  of  sediments  into  the  bay  is  effectively  blocked 
by  the  geographical  configuration  of  the  coastline  (Carter, 
1971).   Carmel  Canyon  appears  to  be  the  only  means  of  sedi- 
ment movement  out  of  the  bay,  and,  as  a  consequence  of  the 
shorter  traver  distance,  the  sediment  found  in  the  canyon  is 
not  as  well  sorted,  composed  generally  of  medium  and  fine 
sand.   The  grainier  bottom  may  not  contain  adequate  nutri- 
tional material  to  support  large  populations  of  burrowing 
and  surface  organisms.   This  may  account  for  the  significant 
reduction  of  visible  biological  activity  in  Carmel  Canyon 
as  compared  to  Monterey  Canyon. 

The  topography  and  geology  of  the  two  canyons  undoubtedly 
contributed  to  the  difference  in  the  distribution  of  benthic 
organisms.   Monterey  Canyon  is  cut  through  Miocene  and  Upper 
Pliocene  sedimentary  rock,  while  Carmel  Canyon  is  carved 
entirely  in  Cretaceous  granite.   As  a  result,  the  former  is 
longer,  wide-rand  possesses  a  more  gentle  gradient.   The 
finer  sediment  in  Monterey  Canyon  is  better  able  to  maintain 
its  position  on  the  steep  walls  than  the  coarser  sediment  in 
Carmel  Canyon.   Shepard  and  Dill  (1966)  report  that  at  the 
head  of  Carmel  Canyon,  the  steep  granite  walls  are  covered 
with  sand  held  in  place  by  burrowing  worm  tubes.   Pictures 
taken  along  the  walls  in  Carmel  Canyon  reveal  many  exposed 
worm  tubes  suggesting  sediment  slumping.   Similar  coverage 
in  Monterey  Canyon  indicates  more  extensive  areas  of 
undisturbed  burrowing  activity. 
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The  steepness  of  the  walls,  the  type  of  rock  formations 
of  the  canyons  and  the  degree  of  sediment  deposition  were 
probably  the  main  reasons  for  the  difference  in  the  number 
of  rock  outcrops  seen  in  the  two  canyons.   Exposed  rocks 
were  observed  in  Monterey  Canyon  only  along  line  CD-2.   The 
rate  of  sedimentation  on  the  walls  of  this  canyon  probably 
exceeds  that  for  erosion.   The  coarser  sediment  on  the 
steeper  Carmel  Canyon  walls,  however,  more  easily  carried 
away,  leaving  an  increased  amount  of  exposed  rock.   Most  of 
the  pictures  of  rock  outcrops  in  Carmel  Canyon  indicate  some 
sediment  cover,  but  primarily  a  thick  biological  incrustation 

The  principal  area  of  interest  in  this  survey  was  the 
region  of  current  activity  along  the  lengths  of  the  canyons. 
By  plotting  the  location  and  orientation  of  ripple  marks, 
the  current  axis  and  the  thalweg  of  each  canyon  could  then 
be  located.   It  is  reasonable  to  assume  that,  like  a  river, 
the  turbulent  flow  near  the  bottom  follows  the  deepest  part 
of  the  canyon-.   The  starting  point  for  each  traverse  was 
picked  to  take  the  ship  across  the  canyon,  but  wind  and  sea 
conditions  often  altered  the  set  from  the  desired  direction. 

In  Monterey  Canyon  the  only  region  where  current  linea- 
tions  were  observed  was  in  the  vicinity  of  lines  CD-2, 
CD-3  and  UV-l.   The  primary  reason  for  this  is  that  the  other 
legs  were  located  on  the  sides  of  the  canyon,  not  down  in 
the  deep  axis  where  the  current  is  expected  to  exist.   The 
exposed  rock  adjacent  to  the  ripple  marks  in  leg  CD-2  give 
the  general  impression  that  the  current  is  next  to  a  wall  and 
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the  pile  of  rocks  on  the  sloped  bottom  is  similar  to  a  river 
bank.   Since  the  canyon  axis  is  curved  at  this  point,  it  is 
probable  that  the  current  is  undercutting  the  north  side  of 
the  wall  as  it  sweeps  around.   A  plot  of  the  location  of  the 
ripple  marks  (Fig.  80)  reflects  the  bend  in  the  canyon  and 
the  orientation  of  the  crests  suggests  axial  fl.ow. 

The  Carmel  Canyon  traverses  crossed  the  axis  of  the 
canyon  more  frequently  and  as  a  result  there  was  greater 
coverage  in  the  areas  of  interest.   There  is  little  doubt 
that  line  KL-1  ,  which  showed  pebbles  and  coarse  sand  accom- 
panied by  well  developed  ripple  formations,  photographed  the 
axis  of  the  current.   The  other  lines  where  current  activity 
was  detected  (Fig.  81)  most  likely  did  not  photograph  the 
axial  flow,  otherwise  the  presence  of  coarse  material  similar 
to  that  seen  in  KL-1  would  have  been  expected. 

In  both  canyons  on  either  side  of  the  prominent  ripples 
were  regions  of  less  distinctive  current  lineations, 
indicating  the  presence  of  thalwegs  along  which  swifter 
currents  travel,  while  lower  velocities  influence  the 
peripheral  regions.   This  is  analogous  to  a  river  with  a 
swift  current  following  the  deeper  channel  and  slower  currents 
elsewhere.   Ripple  marks  yielding  to  a  region  of  current- 
starved  ripples  and  evidence  of  burrowing  activity  constitute 
the  general  character  of  line  CD-2  and  KL-1  and  provides 
further  evidence  for  the  presence  of  thalwegs. 

Bottom  currents  in  a  canyon  are  influenced  by  the 
physical  characteristics  of  the  canyon  as  well  as  external 
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forces.   Divergence  of  water  motion  by  small  local 
topographic  features  such  as  rock  outcrops  can  change  the 
orientation  and  shape  of  ripple  marks.   Observations  of  such 
features  might  provide  inaccurate  information  as  to  the  net 
direction  of  flow.   In  regions  of  constricted  passages  and 
steep  gradients,  currents  of  higher  velocities  may  result 
due  to  a  Venturi  effect.   Carm.el  Canyon  possesses  a  narrow 
bottom  and  a  gradient  much  greater  than  that  for  Monterey 
Canyon,  reaching  the  900  m  isobath  in  8  km  from  its  head,  as 
compared  to  a  distance  of  16  km  for  the  Monterey  Canyon  to 
reach  this  depth.   It's  relative  narrowness  and  steeper 
bottom  slope  may  account  for  the  slightly  higher  average  net 
downcanyon  flow  measured  in  the  Carmel  Canyon. 

Periodic  up-  and  downcanyon  flow  of  10  to  15  cm/sec 
occasionally  surging  to  speeds  of  25  to  50  cm /sec  appear  to 
be  common  in  some  canyons.   A  comparison  of  bottom  currents 
and  tidal  fluctuations  in  canyons  suggests  that  these  normal 
near-bottom -currents  are  caused  by  the  progression  of 
internal  tidal  waves  along  the  canyon  (Shepard  et  al . ,  1974) 
Occasionally  excessive  downcanyon   velocities  are  observed 
and  may  be  the  result  of  storm  waves,  but  little  data  has 
been  collected  under  such  conditions. 

High  winds  nearly  normal  to  a  canyon  axis  appear  to  be 
a  reason  for  crosscanyon   currents  recorded  such  as  those 
reported  by  Hollister  (1975)  in  Monterey  Canyon.   Cross- 
canyon  flow  noted  near  a  bend  in  the  Carmel  Canyon  was 
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probably  not  due  to  high  winds,  but  suggests  that  a  sharp 
curve  might  cause  the  current  to  shift  across  the  axis  to 
the  other  side  (Shepard  et  al .  ,  1974). 

The  currents  measured  in  the  Monterey  and  Carmel  Canyons 
are  sufficient  to  transport  fine  sediment  in  suspension  and 
along  the  bottom.   It  is  the  movement  of  sediment,  whether 
by  induced  currents  or  simple  gravity  flow,  that  is  important 
because  of  its  ability  to  erode  and  change  the  topography  of 
the  canyon.   The  mechanism  is  slow,  yet  effective,  and  by 
examining  the  variety  of  microrelief  present  one  can  better 
understand  the  dynamic  processes  influencing  the  bottom. 

The  purpose  of  this  study  was  to  examine  the  small  scale 
features  of  the  sea  floor  and  to  explain  in  part  why  they 
appeared.   There  seems  to  be  sufficient  evidence  to  indicate 
that  distinct  differences  in  the  biological  and  physical 
features  exist  not  only  between  the  two  different  canyons 
studied  but  also  within  each  one. 

Additional  photographic  surveying  in  each  canyon  is 
necessary  to  further  our  understanding  of  the  processes 
affecting  and  creating  their  microrelief. 
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V.   SUGGESTIONS  FOR  FURTHER  STUDIES 

To  more  fully  understand  the  marine  and  geological 
environments  of  the  canyons  the  following  studies  would  be 
useful  : 

1.    Simultaneous  current  measurements  and  photographic 
coverage  in  the  deep  axis  of  the  canyon.   The  current  record 
should  be  at  least  31  days  to  record  a  complete  tidal  cycle. 
Photography  should  be  conducted  at  different  stages  of  the 
tidal  cycle. 

Z.        Coordinated  current,  light  scattering  or  beam 
transmission  measurements  and  photography  in  the  head  of  the 
Monterey  Canyon  to  determine  the  extent  of  turbidity  in  the 
water. 

3.    A  grab  sample  at  each  photographic  site  should  be 
obtained  in  order  to  conduct  a  detailed  sediment  analysis 
and  to  recover  and  identify  the  benthic  organisms  dwelling 
in  a  given  area. 
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Fig.  1.   Monterey  and  Carmel  Canyons 
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Continued    from    Figure    2a 
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Fig.  4.   Axial  Relationship  of  Units  in  Standard 
Mounting  Arrangement  CFrom  EG&G,  1960) 
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Fig.  5.   Launching  Camera  Rig  from  R/V  ACANIA 
(Photo  by  PH3  Goode) 
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WINCH 


SONAR  RECEIVER- 


OCEANOGRAPHIC 
SHIP 


SUPPORTING 
CABLE 


UNDERWATER  CAMERA 
XENON  LIGHT  SOURCE 
AND  SONAR  PINGER 


BY  COMPARING  THE  DIFFERENCE 
IN  TIME  BETWEEN  ONE  PING 
RECEIVED  DIRECTLY,  AND  ONE 
REFLECTED  OFF  THE  BOTTOM, 
THE  DISTANCE  BETWEEN  CAMERA 
AND  OCEAN  FLOOR  CAN  BE 
DETERMINED. 


REFLECTED 
PING 


Fig.  7.   Example  of  Typical  Camera  Operation  CFrom 
EG&G,  1960) 


61 


To  shutter 


4- 


Reed  switch 
( open) 


To  ground 


<- 


Reed  switch 
( closed) 


To  power 
source 


<r 
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/\ 


\/ 


Hollow  plastic  pipe 
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